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Abstract 
This work deals with dielectric barrier discharge (DBD) generated in bubbles in water 
using Silicon Diode for Alternating Current (SIDAC). Dielectric-barrier discharge 
(DBD) is a discharge obtained in gas space between two electrodes, in which at least 
one of the electrodes is covered by a dielectric material. The dielectric layers in the 
configuration of the DBD reactor make this discharge characterized as a capacitive 
load, self-terminated discharge, which is generated by a high frequency alternating 
voltage source or a high frequency repetitive pulse power source. SIDAC or Silicon 
Diodes for Alternating Current is a bidirectional high voltage switching device 
designed for direct interface with the power line. It has high break-over voltage and 
power handling capabilities. The high-speed switching characteristic of SIDAC has 
been used for generating low-cost high voltage pulses with tens of kV derivation that 
have been effectively applied to DBD generation. 
In this study, DBD plasmas in water were investigated as a sequence of a bubble 
formation and an electronic process within the bubbles. A cylindrical electrode inside 
a glass tube with a number of microsize holes and an inexpensive circuit using a 
number of SIDAC connected to a high voltage transformer at commercial frequency 
have been used. The gas bubbles are simply produced at initial stage by gas flow 
through microsize glass holes. When applied voltage meets or exceeds breakover 
voltage of the series connecting SIDACs, these SIDACs switch from a blocking state 
to a conducting state. Then, high voltage pulses with tens of kilovolt derivation are 
generated, as the bubble formed an electrical breakdown instantaneously takes place 
within the bubble. The generation of such DBD plasma should be analyzed sufficiently 
when its characteristics are governed by two switches: the SIDAC switching 
characteristic and the dielectric layers.  
Additionally, one of the constraints DBD application to waste water treatment is the 
requirement of the expensive and complex power source configurations that could 
make the DBD installation expensive and selective. The prospect of an increase in the 
market share of the application of DBD generation still faces the challenges oriented 
with the need of the compact and affordable power supplies. Therefore, this work also 
focused on design, construction, and optimization of configuration of a novel high 
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voltage pulse power source for large-scale dielectric barrier discharge (DBD) 
generation by using a device called Silicon Diodes for Alternating Current (SIDAC) 
and the self-terminated characteristic of DBD without external controlling. The DC 
power supply has been designed in a simple modular structure, non-control 
requirement, the transformer elimination, minimum number of levels in voltage 
conversion required to achieve the desired operating condition leading to a reduction 
in size, weight, simple maintenance and high scalability of the DBD generator. 
Fundamental results and conclusions achieved during this work have been published 
in scientific journal, presented at conferences and attached in Appendices  
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Chapter 1: Introduction 
Nowadays, demands on the water environment quality are rapidly increasing. 
Various methods of water treatment has been developed and used widely. These 
treating methods can be divided into four main groups: physical, chemical, biological, 
and recently hot topical group of so called Advanced Oxidation Technologies (AOTs) 
involving inputting energy into waste water to produce strong oxidizers without 
harmful by-products. The Advanced Oxidation Technologies (AOTs) particularly non-
thermal plasmas based on electrical discharges have been widely investigated. 
Dielectric barrier discharges (DBDs) as a typical type of non-equilibrium atmospheric 
pressure plasma discharges (APPDs) generate large amounts of reactive oxygen 
species (ROS) and sterilizing agents such as UV light having been proved to be 
efficient for water purification among various forms of electrical discharge systems. 
The most important species is hydroxyl radicals, which have a considerably high 
oxidation potential and followed by oxygen radicals, ozone and hydrogen peroxide.  
Dielectric-barrier discharge (DBD) is a discharge obtained in gas space between two 
electrodes, in which at least one of the electrodes is covered by a dielectric material. 
The dielectric layers in the configuration of the DBD reactor make this discharge 
characterized as a capacitive load, self-terminated discharge, which is generated by a 
high frequency alternating voltage source or a high frequency repetitive pulse power 
source. 
 SIDAC or Silicon Diodes for Alternating Current is a bidirectional high 
voltage switching device designed for direct interface with the power line. It has high 
break-over voltage and power handling capabilities. The high-speed switching 
characteristic of SIDAC has been used for generating low-cost high voltage pulses 
with tens of kV derivation that have been effectively applied to DBD generation. 
In this study, DBD plasmas in water were investigated as a sequence of a 
bubble formation and an electronic process within the bubbles. A cylindrical electrode 
inside a glass tube with a number of microsize holes and an inexpensive circuit using 
a number of SIDAC connected to a high voltage transformer at commercial frequency 
have been used. The gas bubbles are simply produced at initial stage by gas flow 
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through microsize glass holes. When applied voltage meets or exceeds breakover 
voltage of the series connecting SIDACs, these SIDACs switch from a blocking state 
to a conducting state. Then, high voltage pulses with tens of kilovolt derivation are 
generated, as the bubble formed an electrical breakdown instantaneously takes place 
within the bubble. The generation of such DBD plasma should be analyzed sufficiently 
when its characteristics are governed by two switches: the SIDAC switching 
characteristic and the dielectric layers. Plasma diagnostics have been carried out by 
optical emission spectroscopy (OES) and electric measurements. Additionally, 
solution quality and formation of some chemical species are estimated by UV-VIS 
absorption spectroscopy, and colorimetric method.  
Additionally, one of the constraints DBD application to waste water treatment is 
the requirement of the expensive and complex power source configurations that could 
make the DBD installation expensive and selective. The prospect of an increase in the 
market share of the application of DBD generation still faces the challenges oriented 
with the need of the compact and affordable power supplies. Therefore, this work also 
focused on design, construction, and optimization of configuration of a novel high 
voltage pulse power source for large-scale dielectric barrier discharge (DBD) 
generation by using a device called Silicon Diodes for Alternating Current (SIDAC) 
and the self-terminated characteristic of DBD without external controlling. The DC 
power supply has been designed in a simple modular structure, non-control 
requirement, the transformer elimination, minimum number of levels in voltage 
conversion required to achieve the desired operating condition leading to a reduction 
in size, weight, simple maintenance and high scalability of the DBD generator. 
Fundamental results and conclusions achieved during this work have been published 
in scientific journal, presented at conferences and attached in Appendices  
1.1 BACKGROUND OF PLASMA 
1.1.1 Plasma as a fourth state of matter 
Matter in the universe is often scientifically classified in terms of four states: 
solid, liquid, gaseous, and plasma. In this view, at low temperatures, matter starts out 
as a solid, when it is heated until solid bond is broken, it melts to form a liquid, and if 
more heat is added to break liquid bond then it vaporizes to become a gas. Finally, if 
still more heat is added, the temperature rises, and the individual atoms break apart  
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Figure 1-1  Four states of matter 
 
Figure 1-2  Plasma in Nature 
into electrons and positively charged ions, thus forming a fourth state of matter called 
plasma (Figure 1-1)  
In nature, majority of the universe exist in plasma state exhibiting phenomena 
outside the earth such as, solar corona, solar wind, nebula, and aurora borealis. In the 
earth’s atmosphere, plasma is often observed as a transient event in the phenomenon 
of lightning strokes (Figure 1-2). Borealis occur at extremely low pressures whereas 
lighting strikes occur at relatively high pressures.  
It has been about 150 years, from the first day, when Sir William Crookes 
identified a fourth state of matter in 1879, later Irving Langmuir gave this state a 
name, plasma, in 1928, plasma has been artificially generated by supplying energy to 
gases, solids, liquids, and used for various applications from light generation, surface 
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modification, controlled nuclear fusion, to medical treatment, disinfection and 
depollution [1]. 
1.1.1 Definition of Plasma 
When the gas phase of matter is given a sufficient energy, it will turn into plasma 
by the exchange of energy through collision, excitation and ionization. The plasma, 
consisting of a mixture of electrons, ions and neutral particles is electrically neutral 
overall [2]. Thus plasma follows the quasi-neutrality of charges, then we have a 
definition as follow:  
A plasma is a quasi-neutral gas of charged particles (and neutral particles) in which 
the particle interaction are predominantly collective. 
Quasi-neutral gas is a medium in which there is approximately equal number 
of positive and negative charged particles on a scale long compared to collective 
interaction scale length. 
Distinguishing from interaction between neutral-neutral or charge-neutral as just 
an interaction between 2-body due to short-range forces, in plasma, the charged 
particles interact simultaneously with many other charged particles due to long-range 
coulomb forces. The interaction distance is limited by polarizing effects of a charged 
particle characterized by a distance named Debye length.  
1.1.2 Debye length. 
The Debye length is an important physical parameter for the description of a 
plasma. It provides a measure of the distance over which the influence of the electric 
field of an individual charged particle (or of a surface at some nonzero potential) is felt 
by the other charged particles inside the plasma. The charged particles arrange 
themselves in such a way as to effectively shield any electrostatic fields within a 
distance of the order of the Debye length. This shielding of electrostatic fields is a 
consequence of the collective effects of the plasma particles. A calculation of the 
shielding distance was first performed by Debye, for an electrolyte. It is shown that 
the Debye length is directly proportional to the square root of the temperature (T) and 










   (1.1) 
The following are useful forms of Eq (1.1) 



















Generally, 𝜆D is very small. For example, in a gas discharge, where typical values for 
T and ne are around 10
4 K and 1016 m-3 , respectively, we have 𝜆D = 10
-4 m. For the 
Earth's ionosphere, typical values can be taken as ne = 10
12 m-3 and T = 103 K, yielding 
𝜆D = 10
-3 m. A criterion for an ionized gas to be a plasma is that it be dense enough 
that 𝜆D is much smaller than system dimension, L [1] . 
1.1.3 Concept of Temperature 
A plasma is an ensemble of particles, electrons (e) , ions (i) and neutrals (n) with 
different positions (r) and velocities (v) which move under the influence of external 
forces (electromagnetic fields, gravity) and internal collision processes (ionization, 
Coulomb, charge exchange etc.). A gas in thermal equilibrium has particles of all 
velocities, and the most probable distribution of these velocities is known as the 
Maxwellian distribution (Figure 1-3), and, in three dimensions and sum overall 
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Figure 1-3 Maxwell-Boltzmann distribution of velocities [1] 
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Figure 1-4  Maxwell-Boltzmann distribution of velocities as progressive temperature [1] 
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with velocities between v and v +dv is given by dnv. The width of the distribution is 
characterized by the constant T (Figure 1-4). If all types of particles have the same 
temperature; the velocity of electrons will be very large compared with those of other 
heavy species. 
Temperatures, T, in a plasma, as in any gaseous medium, are defined by the 
average kinetic energy of a species (molecule, atom, ion or electron). From this 
distribution, the mean kinetic energy of particles of any species i with a mass mi and a 
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iv is the rms velocity of species i.  
Since T and Eav are so closely related, it is customary in plasma physics to give 
temperatures in units of energy. For kT = 1 e V = 1.6 x 10-19 J, we have the conversion 
factor is 
 1 eV  11600 K   (1.9) 
 
By a 2-eV plasma we mean that kT = 2 eV, or Eav = 3 eV in three dimensions. [2]. It 
is interesting that a plasma can have several temperatures at the same time. It often 
happens that the ions (heavy particles) and the electrons have separate Maxwellian 
distributions with different temperatures Ti (Th) and Te . Then each species can be in 
its own thermal equilibrium, but the plasma may not last long enough for the two 
temperatures to equalize. 
1.1.4 Plasma generation by electric discharge 
The most common method of plasma generation is by applying an electric field 
(E) to neutral gas. If the applied field exceeds a breakdown threshold a gas discharge 
and thus plasma is formed by exchanging energy through collision, excitation and 
ionization. The most common form of energy exchange between the plasma particles 
is the collision. When particles interact or collide, the momentum and energy must be 
conserved which means that plasma must follow the mass and momentum 
conservation equations. There are two distinguish cases that particles may collide. (I) 
Elastic collision: In this case momentum is redistributed among particles and total 
kinetic energy remains unchanged and (II) Inelastic collision: In this case momentum 
is redistributed among particles but a fraction of the initial kinetic energy is transferred 
to internal energy in one or more of the particles and thus excited states or ions are 
formed. In such a discharge, the mobile electrons pick up energy from the applied 
electric field and then transfer part of this energy to the heavy species through 
collisions.  Because, the mass of electrons me is very low compared with that of ions 
and other heavy particles mh ( 1/1856 times the mass of the lightest atom H), their 
velocity is very high compared with that of heavy species and most collisions involve 
electrons. The energy transferred from an electron to a heavy particle in a single 








  (1.10). Then, the total energy 
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transferred from an electron to a heavy particle per unit of time will be the amount 








E k T T
m
  (1.11). 
The energy that an electron acquires from the electric field (E) between collisions is 
given by eE vdτe̅̅ ̅̅ ̅, where 𝑣𝑑̅̅ ̅ is the average drift velocity and τe  is the average free fly 
time between collisions, defined as τ /e e el v , where ve̅= (8kTe πme⁄ ) 
1/2
 and 𝑙𝑒 is 
the mean free path of electrons, and le ∼1/p (1.12). It can be seen that, the mean energy 
of electrons gained between the collisions depends on the ratio of electric field (E) to 
the gas pressure (p) (density of the gas). High pressures will increase the collision 
frequency, and decrease the electron’s mean free path between collisions. Only in the 
case of small values of E/p, the temperature of electrons and heavy particles approach 
each other. Thus, this is a basic requirement for local thermodynamic equilibrium 
(LTE) in plasma. In addition, LTE conditions require chemical equilibrium as well as 
restrictions on the gradients. When these conditions are met, the plasma is termed as 
thermal plasma. Conversely, the plasma is termed a non-equilibrium plasma or non-
thermal plasma (Te > Th ) [3]. 




Figure 1-5  Classifications of plasma in terms of electron density and temperature [1] 
 
 Chapter 1: Introduction 9 
Broadly speaking, plasma in kinetic equilibrium can be distinguished into 
thermal (electrons and the heavy particles are at the same temperature, (Te = Tion = Tgas) 
and non-thermal plasma (ions and neutrals stay at a low temperature (sometimes room 
temperature), whereas electrons are much hotter (Te >> Tion = Tgas). Additionally, 
plasmas may be classified in different ways based on different factors. Sometimes 
plasmas are categorized as natural or man-made plasmas. The plasma states cover an 
extremely wide range of parameters such as particle densities, temperatures and 
pressures. There for, it is customary to classify them in terms of electron temperatures 
and electron densities.  
Figure 1-5 shows such classifications. Extremely tenuous plasmas (in solar 
corona) may assume temperatures exceeding 106 K, while plasmas of similar densities 
in the ionosphere may have temperatures of 103K or even lower. Flames classified as 
plasmas, show somewhat higher electron densities and temperatures. Glow discharges, 
which are typically operated in a pressure range from 10−4 to 1 kPa, reveal electron 
temperatures on the order of 104 K and heavy-particle temperatures close to room 
temperature. In a fluorescent lamp, for example, the electron temperature may reach 
2.5 x 104 K, but the heavy-particle temperature remains close to 300 K. Extreme 
conditions in terms of electron density and temperature exist in thermonuclear fusion 
plasmas. In the case of inertial confinement fusion plasmas, electron and ion densities 
may exceed 1026 m−3, and temperatures are typically above 106 K and may be as high 
as 108 K. Thermal plasmas reveal temperatures around 104 K with electron densities 
ranging from 1021 to 1026 m−3. 
The pressure is also a very important parameter through which plasmas can be 
categorized. For example, two of the earliest known plasma phenomena are lighting 
strikes and borealis which occur at relatively high and extremely low pressures 
respectively.  
Some examples of generated in a laboratory at low-pressure discharges plasma 
are: glow discharge plasmas, capacitively coupled plasma (CCP), inductively coupled 
plasma (ICP), wave heated plasma, and atmospheric-pressure plasmas are arc 
discharge, corona discharge, dielectric barrier discharge (DBD), capacitive discharge. 
In a laboratory setting and for industrial use, plasma can be also categorized by other 
point of views, for instant, by types of power source used to generate the plasma; DC, 
RF and microwave, degrees of ionization within the plasma; fully ionized, partially 
ionized, weakly ionized.  
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1.2 DIELECTRIC BARRIER DISCHARGES 
Dielectric-barrier discharge (DBDs) is named for a discharge obtained in gas 
space between two electrodes, in which at least one of the electrodes is covered by 
dielectric material. It has been well-documented for more than a century from the first 
experimental investigation reported by Werner von Siemens in 1857 for the generation 
of ozone. As a typical type of non-equilibrium plasma at atmospheric pressure, it 
provide the effective generation of atoms, radicals and excited species by energetic 
electrons with a moderate gas temperature. A possibility to operate at low gas 
temperature and atmospheric pressure is an important advantage for their application 
[4]. Its simple scalability offers a number of applications in industry such as ozone 
generation [5] [6], thin film fabrication [7],  light source [8] [9],  surface modification 
[10], in medical treatment [11], [12] in environmental treatment such as toxic gas 
decomposition [13]  and pollution control [14], [15] [16]. 
1.2.1 Principle and configuration 
Typical configuration of DBD reactors are shown in Figure 1-6. The main basis 
configuration is planar type, however, cylindrical type is also commonly used.  In all 
configuration, there is presence of one or more dielectric layers in the current path 
between the metallic electrodes through the discharge gap. The dielectric layer plays 
an important role in limiting the amount of charge transported to electrodes, thus 
prevents the discharge transferring to the arc, and keeps the plasma in the non-thermal 
regime. When a breakdown occurs, the cathode/anode layer is charged by incoming 
positive ions/electrons, the charge accumulation on dielectric layer reduces the electric 
field, hinders charge transport towards the electrode, make DBD become a self-
terminated discharge. As an insulator, the dielectric cannot pass a dc current, therefore, 
DBDs require a high frequency alternating voltage source or a high frequency 
repetitive pulse power source for the operation [4].  
Dielectric barrier is usually made of glass, quartz, ceramics or other insulating 
materials as plastic foils, PTFE (Teflon)  with low dielectric loses at the working 
frequency and high electric strength. The DBD has a large surface-to-volume ratio, 
which promotes diffusion losses and maintains a low gas temperature. In case of 
generating by an AC high voltage, a breakdown occurs twice per high voltage period 
during the rising slope of the applied voltage and then stops before the voltage reaches  
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Figure 1-6  Typical electrode arrangements of barrier discharges [17] 
Table 1-1 Typical operation conditions of barrier discharges in air [18] 
Electric field E of the first breakdown ≅ 150 Td (p=1 bar, T=300 K) 
Voltage Vpp 3-20 kV 
Repetition frequency f 50 Hz–10 kHz 
Pressure p 1–3 bar 
Gap distance g 0.2–5 mm 
Dielectric material glass, Al2O3, ferroelectrics, … 
Dielectric thickness d 0.5–2 mm 
Relative dielectric permittivity er 5–10 (glass), … , 7000 (ferroelectrics) 
 
the maximum value. In case of driving by unipolar high voltage pulse, the breakdown 
firstly occurs at the rising slope of the pulse, then, the memory effects from charges 
accumulated on dielectric surface induce an electric field which causes the second 
breakdown (in opposite polarity with the first breakdown) at the falling slope of the 
 12 Chapter 1: Introduction 
pulse in the same period of high voltage. Typical operation condition of barrier 
discharges in air is shown in Table 1-1. 
1.2.2 Microdischarge formation  
There are two different modes of DBDs. At low pressure, or in a very small gas 
gap, with particular working gas, such discharge can be referred as diffuse discharge 
or glow discharge used in i.e. semiconductor industry [4] [19]. However, at 
atmospheric pressure, the discharge tend to constrict and is characterized as repetitive 
micro-discharges, visually appeared as thin discharge channels (Figure 1-7), often 
named filaments,  applied in i.e. ozone generation or pollution treatment. If the local 
electric field strength in the gas gap arrives the ignition level. The formation of a micro 
discharge starts by initial electrons released at the cathode, then an avalanche travels 
toward the anode, this avalanche soon reaches the streamer state that create a space 
charge, an additional electric field, and enhances the growth of secondary electron 
avalanches locally, finally this streamer bridges the gap and a micro-discharge is 
formed. Immediately afterward, charges deposit on the dielectric surface and lead to a 
local collapse of the electric field in the area of the surface discharge, forms extinction 
of discharge channel. In this phenomena, the dielectric layers limit the amount of 
charge transported by a micro discharge and energy deposited in a microdischarge, 
make the microdischarge channels spreading on the barrier surface and covering a  
 
 
Figure 1-7 Sketch of a microdischarge and a simple equivalent circuit [4] 
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region much larger than the original channel diameter.  As shown in Table 1-2, in air 
at 1 bar and 1 mm discharge gap the microdischarges have a duration of about 10–100 
ns with a total transferred charge of 0.1–10 nC. Discharge current density of a 
microdischarge can reach up to 1000 A cm−2, because of the short duration, the 
remaining channel is not heated significantly. In most cases, the duration of 
microdischarges is mainly determined by the gas properties as well as the reactor 
configuration (gas gap, type and thickness of barriers), however it do not depend on 
external driving circuit. At the positions where microdischarges have already occurred, 
presence of residual charges on the dielectric cause the reduction in electric field, if 
the external voltage is rising additionally, microdischarges will occur at new positions. 
When the voltage is reversed, however, the next microdischarges tends to form in the 
old microdischarge locations. An increase in the amplitude of AC applied voltage, just 
leads to a higher number of microdischarge per haft period of the AC voltage, however 
not the charge transported by a microdischarge. The dielectric in this case distributes 
the discharge over the electrode area. High-voltage low-frequency operation tends to 
distribute the microdischarges on the available dielectric surface, while low-voltage, 
high frequency operation tends to reignite the old microdischarge channels every half 
period [4].  
Table 1-2 Characteristic of a microdischarge channel in air at atmospheric pressure 
[18] 
 
Duration 10-100 ns Total Charge 10-10 – 10-9 C 
Filament Radius about 0.1 mm Electron Density 1020 - 1021 m-3 
Peak Current 0.1 A Mean Electron Energy 1-10 eV 
Current Density 106 – 107 A m-2 Filament Temperature close to average 
gas 
 
In the case of DBD driving by pulse source, if the voltage rise time is extremely 
short, so that a large number of microdischarges may be started simultaneously leading 
to a lack of available area on the dielectric for their surface discharges, therefore 
individual microdischarges have to compete for the available surface area of the 
dielectric to deposit their charge patterns. This situation can lead to weaker single 
microdischarge generated [4]. Raising the power for a given configuration means 
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generating more microdischarges per unit of time and per unit of electrode surface area. 
This characteristic allows us to investigate and optimize microdischarge properties for 
a given discharge gap and power density in laboratory set-up,  then scale-up to very 
large electrode surface for industrial applications without any problem [4]. 
1.2.3 Electrical characteristic 
To characterize the overall discharge behavior, the simplest electrical approach is the 
lumped element equivalent electric circuit as a circuit shown in Figure 1-7. Typical 
waveforms of applied voltage v(t), gap voltage vg (t), breakdown voltage vb(t), currents 
are shown in Figure 1-8. When a voltage is less than a breakdown threshold (vb(t)), 
DBD reactor works as a capacitive load with capacitance called CDBD consisting of 
capacitances Cd represent for capacitance of dielectric layer, Cg represent capacitance 
of gas gap, and the current during this time is just capacitive current or called as 
displacement current (idisp) caused by the change of voltage applied to the reactor and 
proportional to rate of this change (dv/dt).  When the applied voltage keep rising to 
reach the breakdown voltage that depends on gas properties, its pressure (density) and 
discharge gap [20], local breakdown in the gap is initiated, then discharge establishes 
a conducting channel between electrodes that is symbolized by closing a switch letting 
discharge current (idis) flow through plasma channel whose resistance Rp rapidly 
changes with the time. This discharge current (idis) obtained between duration from 
inception (‘i’) and termination (‘t’) of the discharge is caused by the movement of 
charges across discharge gap.  The current i(t) in the circuit now is included two 
currents superpositioned, one is the discharge current (idis), the other is displacement 
current (idisp). The equations for the current i(t), the gap voltage vg(t) and the charge 




( )  ( )   dgapv t v t i t t
C
     (1.13) 
i =  idis +  idisp  (1.14) 
idisp  =  CDBD dv/dt   (1.15) 
   dp disQ t i t    (1.16) 
Electric energy (e) consumed per voltage cycle and the electric power (p) can be 
estimated by the following relations: 
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Figure 1-8  Schematic of applied voltage v(t), gap voltage vg(t), breakdown voltage 
(vb) , main current i(t), displacement current idisp(t), and discharge current idis (t) [20] 
 
     v .p t t i t  (1.17) 
   e  dt p t t   (1.18) 
   
1
  davgp t p t t
T
    (1.19) 
In real DBD devices, parasitic elements including, stray capacitances caused by 
surrounding capacitances (e.g. cables, edge effects,…), and the parallel losses of 
energy due to the barrier material and reactor construction can significantly influence 
the current, charge, and power measured. 
1.2.4 DBD plasma for water treatment 
DBD plasmas as a typical type of non-thermal plasma is a form of advanced 
oxidation technology (AOT) [21] . They have been proven effective in generating 
reactive oxygen species (ROS) such as hydroxyl radicals (OH), which have a 
considerably high oxidation potential and followed by oxygen radicals (O) [22], ozone 
(O3) and hydrogen peroxide (H2O2) along with UV light that work effectively in 
removing pollutants from water without producing harmful byproducts [23]. There are 
three major approaches namely electrical discharges above water surface, direct 
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electrical water discharges and discharges in bubbles/vapor in water. Among these, the 
most economically feasible technique is the process involving bubbles or mixed gas-
liquid phases. The bubbles in water can be formed by two processes, one is using an 
rf or pulse voltage power source, that energized and heated wire electrode, 
subsequently microbubbles are formed by local heating at tip of an electrode; and the 
other is using a feed gas capillary tube or pin-hole method to inject gas into the water 
which also serves as an electrode [24]. The latter discharge process has an advantage 
over reducing the energy consumption lost in boiling or heating up the liquid to form 
bubbles and avoiding increase in the temperature of the liquid where low temperature 
of the liquid is prime concern. 
With sufficiently high voltage, a plasma is formed inside the bubble and tend to 
take the form of surface streamers propagating along the plasma–water interface [24]. 
The electron temperature in gas-water interface wall hugging streamer discharges are 
8–10 eV with peak plasmas densities as high as 1022 m−3. Formation of reactive species 
largely occur in the gas phase at the plasma–liquid interface. Gas temperatures and 
electron densities significantly vary and strongly depend on the composition of the gas 
in the bubble, conductivity of water, discharge power, excitation voltage and size of 
the bubble. 
1.3  SILICON DIODES FOR ALTERNATING CURRENT (SIDAC) 
SIDAC or Silicon Diodes for Alternating Current is a bidirectional high voltage 
switching device designed for direct interface with the power line. It has high break-
over voltage and power handling capabilities.  The V-I characteristic of SIDAC is 
shown Figure 1-9 . It can be seen from Figure 1-9 that, when the voltage applied to 
SIDAC is less than its breakover value, SIDAC is in non-conducting state with very 
high resistance (the red line). When applied voltage meets or exceeds its breakover 
voltage (VBO), the SIDAC will switch from blocking state to conducting state, and 
enter to transition region (denoted as the green line) with transiting time in a scale of 
nsec. The conducting state (blue line) will continue until the main terminal current 
drops below the holding current (IH). If the number of SIDACs in series connection is 
N, the breakover voltage of this connection will be increased to N times, but the holding 
current (IH) is kept the same as single. In this experiment, we used 10 SIDACs (Model  
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Figure 1-9  V-I characteristic of SIDAC (K1V38 (W)) 
 
Table 1-3 Electrical Characteristic of SIDAC (K1V38 (W) Shindengen Electric 
Mfg.Co.Ltd) 
Breakover voltage (VBO) 360 ~ 400 V 
Breakover current (IBO) 0.5 mA 
Holding current (IH) 50 mA 
Maximum off-state voltage (VDRM) 270 V 
Off-state current (IDRM) 10 µA 
Switching resistance (RS) 100 Ω 
Thermal resistance  15oC/W 
 
No. K1V38 (W), Shindengen Electric Mfg.Co.Ltd) connected in series. The electrical 
characteristics and of this SIDAC are shown in Table 1-3. Typical switching time of 
this series connected SIDACs had also been experimentally examined as about 200 
nsec by Y.  Sumiishi (et al.) [25] . The breakover voltage of the series connection of 
the 10 SIDACs is increased to 3600 ~ 4000 V. When this connection is switched on, a 
high voltage pulse of up to 4000 V with a rise time of several hundred nsec will be 
generated. The utilizing of this high-speed switching characteristic of these SIDACs 
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provide a power tool for  designing a circuit for generating the low-cost high voltage 
pulses with tens of kV derivation without external controlling. 
In this work, the SIDACs were connected to a circuit where DBD reactor works 
as a load. When the SIDACs is switched to be conductive, the high voltage pulse is 
generated, a discharge is occurred, discharge then is terminated by dielectric layers, 
leading to a current choke. This choke will forced the SIDACs switched off. It was 
found that the connection of SIDACs is switched on by applied voltage from power 
supply, and switched off by DBD termination characteristic. Then high voltage pulses 
will be continuously generated by the alternation of these switching; SIDAC and 
discharge termination and applied to DBD generation. 
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Chapter 2: Properties of Dielectric Barrier 
Discharges (DBD) generation 
using Silicon Diodes for 
Alternating Current (SIDAC) in 
water  
In this study, DBD plasmas in water were investigated as a sequence of a bubble 
formation and an electronic process within the bubbles. A cylindrical electrode inside 
a glass tube with a number of microsize holes and an inexpensive circuit using a 
number of bilateral trigger devices called Silicon Diode for Alternating Current 
(SIDACs) connected to a high voltage transformer at commercial frequency have been 
used. In contrast to conventional technique of DBD plasma in water where an electrode 
is energized by an expensive rf or pulse voltage power source, subsequently a 
breakdown starts from a microbubble formed by complicated local heating at tip of an 
electrode; in this research, the gas bubbles are simply produced at initial stage by gas 
flow through microsize glass holes. When applied voltage meets or exceeds breakover 
voltage of the series connecting SIDACs, these SIDACs will switch from a blocking 
state to a conducting state. Then, high voltage pulses with tens of kilovolt derivation 
are created, as the bubble formed an electrical breakdown instantaneously takes place 
within the bubble. The experiments demonstrated that such proposed configuration is 
capable of generating the less expensive, more stable and highly applicable DBD 
plasma. However the generation of such DBD plasma should be analyzed sufficiently 
when its characteristics are governed by two switches: the SIDACs and the dielectric 
layers. Furthermore, different experimental conditions were also established on a 
purpose for comprehending thoroughly its characteristics. These electrical 
characteristics were evaluated in comparison with those of normal gas phase DBD 
plasma.   
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2.1 DBD GENERATION BY USING SIDAC IN GAS PHASE  
2.1.1 Experimental setup 
The experimental setup for DBD plasma in gas phase is shown Figure 2-1 and 
condition is shown in Table 2-1. In this setup, the circuit is composed of 10 SIDACs 
(K1V38(W)) connected to a step-up transformer (KTS-1KEDF 110/6600) and a 
conventional AC power supply (PCM-500). A 1.25 nF capacitor is used as an energy 
buffer unit to sustain the waveform of supply voltage in sinusoidal form regardless the 
operation of DBD reactor.  The planar reactor was 300 mm × 100 mm × 1 mm of the 
Tempax plates placed in parallel at a gap of 2mm. Helium working gas is blown in to 
discharge area through a hole located on the wall of this gap. The electrodes are 20 
mm2 copper tape.  
 
Figure 2-1  DBD generation in gas phase- experimental setup 
Table 2-1  Experimental condition 
Primary voltage 100 V 
Frequency 500 Hz 
Power supply PCR-500M 
Transformer KTS-1KEDF 
Transformer ratio 110/6600 
Working gas He (1 L/min) 
Pressure  Atmospheric pressure 
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b)            c) 
Figure 2-2 DBD generation in gas phase -experimental result, DBD photograph (a) 
discharge waveform in one cycle of applied voltage (b), and enlargement waveform 
of one typical discharge (c) 
The experiment result of this DBD in gas phase is illustrated Figure 2-2. In this 
figure, the typical waveforms of secondary voltage of power supply (vPS), voltage 
applied to SIDAC (vSIDAC), voltage applied to DBD reactor (vDBD), current (iDBD), 
instantaneous power supplying by power source (pPS), instantaneous power consuming 
by SIDACs (pSIDAC) and consuming by DBD plasma generation (pDBD),  and emission 
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intensity are shown. If SIDACs are in blocking state, the DBD reactor is electrically 
isolated from the power supply. The voltage (vSIDAC) is decided by the difference 
between instantaneous value of supply voltage (vPS) and voltage on DBD reactor 
(vDBD) which is charged up by previous discharge. While the DBD voltage is nearly 
constant during discharge intervals, the supply voltage changes in sinusoidal form. 
Once, this difference reaches approximately 4 kV, the SIDACs start to switch from 
blocking state to conducting state, this rapid transition of SIDACs state simultaneously 
provides a sharp change in voltage applied to DBD reactor with the rate (dvDBD/dt ) of 
around 17~19 kV/μsec. Consequently, discharges occur at every switching times of 
SIDACs. Under the condition shown in Table 2-1, in one cycle of supplied voltage 
(vPS), there are six discharges polarized as negative discharges and positive discharges 
corresponding to down step change, and up step change in DBD voltage (vDBD) 
corresponding to falling slope, and rising slope of applied voltage, respectively. The 
number of discharge times in one cycle of supply voltage depends on the value of the 
breakover voltage (number of SIDAC) and the magnitude of supply voltage (vPS). As 
illustrated in Figure 2-2c, when the voltage on the series connection of SIDACs reach 
the breakover value, these SIDACs are turned to be conductive rapidly, a conducting 
channel is established. Firstly, DBD reactor works as a capacitive load and current 
during this time is just a displacement current proportional to the rate of voltage change 
with time (dvDBD/dt). Charges deposit on DBD reactor, electric field across the gap 
increases rapidly to breakdown threshold, then discharge occurs, a discharge channel 
bridges the gap and is detected by a short surge in discharge current that suddenly 
increased and reached a peak. After reaching the peak, the currents (iDBD) gradually 
reduce due to the choke effect induced by charge accumulation on the dielectric layers. 
When magnitude of current (iDBD) is smaller than holding current of SIDACs 
(IH=50mA), these SIDACs will return back to non-conducting state. The above 
progress happened rapidly and one discharge has been ignited and completed for about 
300 nsec duration. Consequently, the reactor again is isolated from the power supply 
and will only be reignited at next switching times of SIDACs. It can be seen that, the 
characteristic of SIDACs as a slow switch ignites DBD, and the self-terminated 
characteristic of DBD switches SIDACS off. These two characteristics switched 
alternatively make the whole system work continuously. 
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2.2 DBD GENERATION BY USING SIDAC IN BUBBLES IN WATER 
2.2.1 Experimental setup 
The experimental setup for DBD bubble plasma in water is shown in Figure 2-3 
and experimental condition is shown in Table 2-1. In this setup, circuit and condition 
are the same as those used for generating the DBD in gas phase. The DBD reactor is 
submerged under tap water. A copper rod was located inside a tiny inner quartz tube 
that is filled by ultra-pure water in order to prevent breakdown inside the tube. This 
rod works as a high voltage electrode. These are located concentrically inside an outer 
quartz tube. There is a number of holes with size of 0.3 mm in diameter on the wall of 
this outer tube. Helium have been used as working gas. When the gas blow into water 
through these holes, a number of bubbles are formed. A wire with PTFE insulator is 
set on the bottom of a water tank. This PTFE wire and water work as grounded 
electrode. In this configuration, the discharge gap is the gas area between inner tube 
and outer tube and inside the bubbles surrounded by water.  
 
Figure 2-3  DBD generation in bubbles in water- experimental setup 
2.2.2 Results and discussion 
The experimental result is illustrated in Figure 2-4. The discharge mechanism is 
described in Figure 2-5. Once, the SIDACs switch, the voltage on the DBD reactor 
(vDBD) changes sharply with dvDBD/dt up to 20 kV/μsec and later called as voltage 
pulses, a discharge occurs, a conducting channel is established from high voltage 
electrode to grounded electrode of water. Similarly as the case of DBD in gas phase, 
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there is six discharges per one cycle of the applied voltage and discharges were also 
polarized as negative discharges and positive discharges. In case of negative 
discharges, as shown in (Figure 2-5a) direction of negative voltage pulses is oriented 
from high voltage electrode to grounded electrode of water surrounding the bubbles, 
as a result direction of electric intensity (?⃗? ) is reversed to opposite sign with these 
pulses from water to the high voltage electrode, then free electrons are forced to move 
from the high voltage electrode through discharge gap to water. Conventionally, the 
current (iDBD) is in opposite direction with electron motion leading from grounded to 
high voltage electrode, and be negative (Figure 2-5a). However, in positive polarized 
discharges, positive voltage pulses are opposite to negative pulses, then the direction 
of electric field intensities, electron motions, and currents are reversed in this case 
(Figure 2-5b). It can be seen from Figure 2-4 in comparison with the case of discharges 
in gas phase that while the discharge progress in both cases is similar, displacement 
currents, powers consumption in case of discharge in water are much higher. The 
difference is due to the relative permittivity and conductivity of water represented as 
Cw and Rw in equivalent circuit (Figure 2-6). In case of DBD in gas phase, the peaks of 
currents (iDBD) are about 1.2 A, while in case of DBD in water, the peaks of current 
(iDBD) are increased to around 1.5 A. Similarly, after reaching peaks, the currents (iDBD) 
fluctuate, gradually reduce, and approach to zero. The current (iDBD) includes 
discharge current caused by motion of free charged particles in the discharge gap and 
displacement current caused by the charging and discharging of the total capacitance 
of the DBD configuration. Obviously, charge deposition on the dielectric surface 
reduces the electric field in the gap spacing and then leads to the extinguishing of the 
discharge, as a sequence, discharge current is gradually eliminated. On the other hand, 
the displacement current is approximately proportional to dvDBD/dt and will be reduces 
to zero when the transiting state of SIDACs is completed. When the SIDACs complete 
their transient state and turn to steady state, voltage applied to electrode (vDBD) will 
reach nearly the value of supply voltage, the current (iDBD) is merely as discharge 
current. This current will be terminated by charge accumulation on dielectric layers, 
finally current (iDBD) is smaller than holding current of SIDACs (IH=50mA), SIDACs 
return to their blocking state.  The reactor is electrically isolated from the power supply. 
When supply voltage (vPS) and electrode voltage (vDBD) caused by the previous 
discharge offer to the SIDACs their breakover voltage, these devices will be switched 
on and a new discharge is trigged.  
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b)                           c) 
Figure 2-4 DBD generation in bubbles in water- experimental result, DBD 
photograph (a), discharge waveform in one cycle of applied voltage (b), and 
enlargement waveform of one typical discharge (c) 
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a)           b) 
Figure 2-5 Schematic of discharge progress in bubbles in water, positive discharge 





Figure 2-6 Equivalent circuit of DBD reactor in gas phase (a), in water (b) 
2.2.3 Active species in the plasma 
The emission from plasma is relevant to present of active species in the DBD. In 
this study, these species were identified by Optical Emission Spectroscopy (OES) 
method using a broad band spectrometer (Ocean Optic 2000+, 200 - 1100 nm, 2048 
pixels). Figure 2-7a shows the measurement setup. The optical emission spectrum of 
the DBD has been observed above the hole where the bubble starts to depart from  
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Figure 2-7 Emission spectra of the DBD plasma generated in 0.02 slm O2 and 5slm 
He mixture gas, measurement setup (a), and result (b) 
discharge space of the outer tube. Oxygen atom is one of the most important oxidation 
specie, and to enhance its emission intensity a small amount of oxygen gas has been 
added to the main Helium working gas. The emission spectra obtained as a results of 
the measurement is shown in Figure 2-7b. As shown in this figure, discharge produces 
a continuous emission band. A significant UV radiation which belongs to transitions 
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of the OH band at 308 and 282 nm. Apart from those lines, the other important lines 
correspond to the atomic oxygen (OI line) which are located at 776.2 and 843.4 nm. 
Other prominent emission lines in the emission spectra come from helium atom and 
hydrogen (Hα, Hβ). The appearance of molecular nitrogen emission of the second 
positive band can be attributed to impurity in the gas supply caused by leakages from 
the holes on wall of outer tube. Along with above species, the Ozone has also been a 
product of this discharge. Since the most important oxidative species have been 
detected as product of the discharge, obviously, the DBD is a promising method for 
water purification.  
2.2.4 Effect on Methylene blue (MB) (a model pollutant) decomposition 
The efficiency of the discharge for water purification is estimated by 
decomposing Methylene blue (MB) as a typical organic dye that exhibits a blue color 
and has a number of benzene ring present in the molecules (Figure 2-8). MB molecules 
have ability to absorb a broad visible band. According to Beer-Lambert’s law, the 
absorbance is proportional to its concentration [26]. The degradation effect of the DBD 
plasma on the MB solution has been evaluated by UV-vis spectroscopy. A Hitachi 
UV-4100 spectrophotometer was used to record the absorption spectra and to measure 
absorbance. A cell with a path length of 1cm was used to contain solution sample. At 
first, Beer’s law curve was calibrated. 5 mg MB was dissolved in 500 mL of tap water 
to generate 10 ppm stock solution. Then 1 to 9 ml of stock solution was dissolved to 9 
ml to 1 ml tap water to form an approximately 1 ppm to 9 ppm solution before 
spectrophotometry was performed. A full wavelength scan between 400 nm to 800 nm 
of the MB solution was measured to obtain the wavelength corresponding to the 




Figure 2-8 Chemical structure of MB, C16H18N3ClS 
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Figure 2-9 Absorption spectra of MB solution at different concentration levels 
 
Figure 2-10 Calibration curve of average absorbance versus concentration  
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Figure 2-11 Time evolution of MB concentration treated by DBD plasmas 
 
Figure 2-12  Absorption spectra of MB solution exposed to O2 added Ar 
plasma with the increase of treatment time 
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Figure 2-13 Fading color in MB samples by 5 slm He mixed 0.02 slm O2 plasma 
 
The maximum absorbance was observed at 662 nm (Figure 2-9). The 
corresponding absorbance was measured, and a Beer’s law curve was calibrated 
(Figure 2-10). The degradation effect of plasmas was investigated by comparing the 
absorbance of the MB solution with the increase of treatment time to the Beer’s law 
calibrated curve. Different observations have been done by increasing the small 
amount of Oxygen gas added to Helium working gas. Then, time evolution of MB 
concentration in MB aqueous solution treated by these DBD plasmas is shown in 
Figure 2-11. As shown in this figure, when introducing oxygen, the decomposing 
effect is significantly enhanced. Without Oxygen gas added, degradation process 
seems to be linear, while increasing O2 flow rate added to supply gas, the plasma 
treatment process tends to be an exponential process. The highest decomposition rate 
has been obtained by using a gas mixture of 0.02 slm Oxygen and 5slm Helium. It can 
be seen from Figure 2-12 that, after 40 minutes treatment, the main absorption band 
662 nm becomes flat line suggesting that the MB solution was completely discolored, 
the fading color is clearly observed from photograph shown in Figure 2-13. The 
treatment speed is about 0.25 mg/ min with input energy density of 1.35x105 J/L.  
2.2.5 Summary 
The experiment results have shown that, the utilization of SIDAC has offered an 
alternating less expensive power source for generating DBD plasmas. The switching 
operation is determined by SIDAC switching characteristics and DBD charge 
accumulation effect. Charge accumulation drops the electric field and stops DBD. The 
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effect caused by charge accumulation also forces SIDACs return to its blocking state, 
and then reignites the following discharges. 
In case of DBD in bubbles in water, when SIDACs are in their switching state, 
a discharge occurs, a conducting channel is established from high voltage electrode 
through discharge gap inside outer tube and bubbles to grounded electrode of water. 
The comparison has been made for the DBD plasmas in gas phase and inside bubbles 
in water, the important differences between DBD discharge in gas and in water are in 
magnitude of discharge current, charge accumulation, charge balance, charge duration 
and power consumption. These values of discharges in water are much higher than 
those of discharges in gas phase.  
The emission spectra from plasma has revealed the present of important active 
species (OH, O) and sterilizing agent (UV light) along with Ozone (O3), and Hydroxyl 
peroxide (H2O2) in the DBD product. The efficiency of the discharge for water 
purification has been estimated by decomposing Methylene blue as a model dyes in an 
aqueous solution. By introducing oxygen, the decomposing effect is significantly 
enhanced from being linear to exponential process. The treatment speed reached up to 
0.25 mg/ min with input energy density of 1.35x105 J/L.  
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Chapter 3: Novel design of high voltage pulse 
source for efficient DBD plasma 
generation by using SIDAC 
There is a variety of power supply types used for DBD generation depending on 
the different applications. For a DBD excilamp, if it is operated at low pressure, the 
lamps are normally powered by high voltage alternative current generator with 
frequency chosen between 20 kHz and 500 kHz, and if it is operated at atmospheric 
pressure, the lamps can be supplied by high voltage pulse source at fast rate [4] [27]. 
When DBD plasma is applied to the field of surface treatment, the preferred operating 
mode is homogeneous at low pressure. The DBD plasma in this application requires 
special power supplies that can be automatically controlled-frequency resulting in a 
prerequisite for more uniform treatment [4] [13] [28]. In modern high-power ozone 
generators and field of depollution of gas streams, DBD plasma is typically generated 
at atmospheric pressure by employing AC-DC then DC-AC power electronic 
converters feeding a high frequency transformer or a resonant –type power electronic 
converter. Because of utilizing multi-level converters and transformer and requiring 
control scheme, these power supplies are complex and expose a limited flexibility [4] 
[29] [30]. The complexity could increase the cost of installation, operation, and 
maintenance.  In our particular interest of employing the highly reactive species of 
DBD product in pollution treatment, one of the constraints is the requirement of the 
expensive and complex power source configurations that could make DBD installation 
become expensive and selective. The prospect of an increase in market share of 
application of DBD generation still faces the challenges oriented around the need of a 
compact, inexpensive, and affordable power supplies. 
This work focuses on the design, construction, optimization and performance 
testing of the configuration of a novel high voltage pulse power source for an efficient, 
large-scale DBD generation.  The pulses were generated by using the high-speed 
switching characteristic of a very inexpensive device called Silicon Diodes for 
Alternating Current (SIDAC) and the self-terminated characteristic of DBD without 
external controlling. In our design, a series connection of SIDACs was connected to a 
simple circuit where DBD worked as a load. In this compact circuit, a capacitor bank 
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was used as a buffer power supply unit for operation of SIDACs and was charged by 
either negative or positive DC high voltage power supply simply stepped up from a 
DC low voltage power supply. The DC low voltage power supply can be flexibly 
equipped with a commercial DC power supply, or a battery, or DC output of a 
photovoltaic system. The simple, compact circuit and the direct connection to output 
of a photovoltaic panel could provide a promising solution for a low cost of installation 
and operation and for outdoor application of DBD to field of pollution treatment like 
water purification, or decomposing gas stream especially in the area without power 
grid connection. Furthermore, the simple modular structure, non-control requirement, 
the transformer elimination, minimum number of levels in voltage conversion required 
to achieve the desired operating condition in the design lead to a reduction in size, 
weight, simple maintenance and high scalability of the DBD generator. 
 The performance of this pulse source has been validated by a load of resistor. 
The good agreement between theoretically estimated and experimentally measured 
responses has been achieved. The experiments have also demonstrated that such 
proposed configuration is capable of generating the less expensive high voltage pulses 
which have been successfully applied for inexpensive and efficient DBD plasma 
generation. In this paper, the specification of SIDAC is firstly presented, the circuit 
configuration, experimental apparatus, and arrangement are then described, and finally 
experimental results will be analyzed and evaluated thoroughly. 
3.1 HIGH VOLTAGE PULSE GENERATION  
 
 
Figure 3-1  Modular structure of high voltage pulse source 
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The simple, compact high voltage pulse source has been designed in modular 
structure. DC low voltage power supply, a series connection of DC-DC converter and 
DC high voltage power supply called as DC high voltage power supply, set of circuit 
of pulse manipulation have been referred to as different modules. The output of each 
module was connected in series (Figure 3-1). As the configuration shown in Figure 
3-1, the first module was named as DC low voltage supply that was used to power the 
system with a wide range of DC low voltage, typically from 12 to 36 V. This module 
can be employed with flexibility by different types of power sources such as a 
commercial DC power supply powered by power grid, or a battery, or a DC output of 
an independent photovoltaic system. The second module was named as DC high 
voltage power supply that is responsible for stepping up the DC voltages supplied by 
the first module before feeding the circuit of pulse manipulation. This second module 
was composed of two parts; the first part is DC-DC converter used for stabilizing DC 
voltage within the margin of around 24 V before feeding the second part of high 
voltage power supply (HVPS). The HVPS, which is mainly an operational amplifier or 
Op-Amp, operates within its narrow stability margin of input voltage and can be 
switched to be positive or negative depending on operating condition, was used for 
stepping up DC voltage. The combination in this DC high voltage power supply 
module allowed the designed power source to be capable of working with the wide 
range of primary input voltage. The output voltage of this module can be adjusted 
manually and is independent of the primary input voltages. The third module was 
named as module of circuit of pulse manipulation that is responsible for high voltage 
pulse generation. The circuit has been manipulated in a very compact package, and 
well isolated in order to minimize the effects of stray capacitance and high rise rate of 
the voltage pulse. In this module, a series connection of SIDACs was connected to an 
intermediate capacitor bank that is charged through a resistor. The capacitor bank was 
used as an energy buffer unit to facilitate the continuous switching of SIDACs 
regardless the time delay probably caused by low power of the primary source. The 
employment of a charge resistor is to limit the charged current fed to the capacitor. 
The operation of the SIDAC connection is governed by its both sides; the input side 
of intermedia charge capacitor and the output side of load. The potential difference 
between these both sides provides high voltage applied to SIDACs and makes the 
SIDACs to be switched on. The side of load is responsible for current flow through 
the circuit and makes the SIDACs to be switched off. When the SIDACs are switched 
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on, a voltage pulse is generated. When the SIDACs are switched off, their both sides 
are isolated and prepared for next working cycle. In our experiment, the utilized 
devices and their parameters are listed in Table 3-1. The voltage on capacitor and on 
load were measured by voltage dividers (EP 50K, NPE) with the input resistance of 
500 MΩ and the input capacitance of about 10 pF. The currents flow through high 
voltage side and low voltage side of the connected load were measured by current 
transformers (CTs) (Pearson Model 2877). The waveforms were captured by Agilent 
oscilloscopes of DSO 6054A synchronized with MSO 6014A. 
Table 3-1 Specification of designed pulse source 
DC low voltage power 
supply 
Metronix 544C Input  (110 V - 60 Hz) 
Output (0 ÷ 35 V) 
DC High voltage power 
supply (HVPS) 
DC-DC converter 
VHK-50W-Q24-S24 (CUI INC) 
Input  (12 ÷ 36 V) 
Output 24 V 
 High voltage power supply 
(HVPS)-HSR 10P/ HSR 10N 
(Matsusada Precision) 
Input  24 V 
Output  ± ( 1 ÷ 10 kV)  
Circuit of pulse 
manipulation 
Series connection of 10 SIDACs 
(K1V38 (W) Shindengen Electric 
Mfg.Co.Ltd) 
VBO   (3.6 ÷ 4 kV) 
Resistor 10 MΩ 
Capacitor 1.25 nF 
 
3.2 TESTING PERFORMANCE WITH A LOAD OF RESISTOR  
Firstly, the performance of the pulse power source was experimentally tested 
with a load of 40 kΩ resistor. The primary input voltage (Vin) was set at an average 
value of 24 V, the output voltage (Vout) of the second module of the high voltage power 
supply was set at about 6 kV. The diagram of circuit connection is shown in Figure 
3-2a, and equivalent circuit is shown in Figure 3-2b. The experimental results are 
demonstrated in Figure 3-3.  In this figure, the typical waveforms of voltage on the 
capacitor (vC), applied voltage to the series connection of SIDACs (vSIDAC), voltage on 
the resistor (vR), currents measured at high voltage side (iR_HVS) and low voltage side 
(iR_LVS) of resistor were shown. While the voltage on the capacitor (vC), voltage on the 
resistor (vR) is obtained by high voltage dividers, the voltage on the connection of  






Figure 3-2 Setup of experiment with a resistor, diagram of circuit connection 
(a) and equivalent circuit (b) 
 
SIDACs is simply determined by the difference between the other voltages as 
equation:  
SIDAC C R  v v v   (3.1). 
Figure 3-3a, b demonstrate overall waveforms for both cases of negative pulse 
generation and positive pulse generation. As shown in these figures, before switching, 
SIDACs are in nonconductive state, the load is electrically isolated from power supply, 
then the voltage on resistor is nearly equal to zero, the voltage on the connection of 
SIDACs is nearly equal to the voltage on charge capacitor (vC). The voltage (vC) is  
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(a)                                  (b) 
         
(c)                                                     (d) 
Figure 3-3  Results of experiment with a resistor, overall waveform in case of 
positive pulses (a), overall waveform in case of negative pulses (b), enlargement 
waveforms around conductive state of SIDAC (c), and enlargement waveforms 
around positive current peaks (d) 
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gradually charged up to the breakover voltage of SIDACs, of about 4 kV, the SIDACs 
are switched on to be conductive, the rapid transition of SIDACs’ state simultaneously 
provides high voltage pulse applied to load of the resistor. During this transient state, 
the voltage on capacitor and the current flow through the circuit are reduced 
exponentially (Figure 3-3 c). When the current through the SIDACs is smaller than 
their holding current of 50 mA. The SIDACs are switched off and turned to blocking 
state. The load of resistor and the charge capacitor are electrically isolated, the 
capacitor is then charged up and SIDACs will be rested for the next cycles of pulse 
generating. As observed from Figure 3-3 a-b, a pulse train has been successfully 
generated for both cases of negative and positive pulses. The time that is needed to 
charge the capacitor to reach the breakover voltage of SIDACs can be manually 
adjusted by adjusting the output voltage of module of DC high voltage power supply 
before feeding to the module of pulse manipulation. The higher output voltage, the 
shorter charge time, the higher switching rate. While the CT located at high voltage 
side of the load was used to measure the total current (iR_HVS) including current that 
flows through the load of resistor and leakage current that flows through unavoidable 
stray capacitance between wires symbolled as (Cstray) and shown in Figure 3-2b. The 
CT located at the low voltage side of the load was used to measure only current through 
the load (iR_LVS). The leakage current (iLeak) appeared as a peak in the value of total 
current (iR_HVS) is calculated by equation:  
𝑖Leak=𝑖R_HVS − 𝑖RLVS = 𝐶stray. 𝑑𝑣R/dt         (3.2) 
 
As shown in Figure 3-3d, this leakage current pulse is only existed during transiting 
state of SIDACs, due to effect of high rise rate of voltage pulse on stray capacitance, 
lasted for about 300 nsec with peak of nearly 50 mA, and nearly proportional to the 
derivative of voltage applied to resistor (𝑑𝑣𝑅/𝑑𝑡). The stray capacitance is estimated 
by equation 𝑖Leak=𝑖R_HVS − 𝑖RLVS = 𝐶stray. 𝑑𝑣R/dt         (3.2) and shown as slopes of 
linearized curves which shows the dependence of leakage current (iLeak) on voltage 
derivative (𝑑𝑣𝑅/𝑑𝑡) (Figure 3-4). The estimated values of this capacitance is about 2.5 
pF. Obviously, the circuit is well compact and this stray capacitance is small, the effect 
of stray capacitance is no longer a major problem in our circuit. However, it is 
consistently noted that because of the high rise rate of voltage pulse, this effect should  
be accounted thoroughly when manipulating the circuit.  During the conductive state 
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Figure 3-4 Dependence of leakage current (iLeak) on voltage derivative(𝑑𝑣𝑅/𝑑𝑡), 
estimated stray capacitance 
 
of SIDACs, the electric energy stored in capacitors will be discharge and convert to 
heat dissipated by the load of resistor. The experimental results have shown the good 
agreement between the theoretically estimated responses and experimentally measured 
responses. It can be concluded that the circuit has worked properly. During the 
conductive state of SIDACs, the energy dissipated by the load of resistor has been 
estimated at about 4.6 mJ by integrating the power curve (𝑝𝑅) over conducting time of 
SIDACs (Figure 3-3c). Similarly, the energy consumed by SIDACs has been estimated 
at about 0.7 mJ by integrating the power curve (𝑝𝑆𝐼𝐷𝐴𝐶). The lost energy consumed by 
SIDACs is just about 15 % of the energy consumed by the load. It can be seen that, 
pulses have been generated with high efficiency.  
3.2.1 DC power supply efficiency in case of using resistor load 
Figure 3-5 shows the equivalent circuit used for calculating the efficiency of the 
whole system. Figure 3-6 shows enlargement voltage waveform of capacitor (1.25 nF). 
In this case, the loss consumed by the high voltage dividers is not considered because 
HV divider is not a circuit element. Furthermore, the loss energy stored in stray 
capacitor is much smaller than the energy stored in the buffer capacitor (1.25 nF), then 
it is also ignored. As can be seen from Figure 3-5 the total efficiency () is multiplied 
by the efficiency of two parts of the circuit; efficiency of charge circuit (1), and 
efficiency of discharging circuit (2) of the buffer capacitor. The voltages (𝑉R)  
and (𝑉C) on charging resistor (R1) and capacitor (1.25 nF) are expressed as following 
equations:  
𝑉C = 𝑉0(1 − 𝑒
−𝑡/𝑅𝐶) (3.3) 
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Figure 3-5  Equivalent circuit with a resistor load used for calculating the efficiency 
of the whole system 
 
 
Figure 3-6 Capacitor (1.25 nF) voltage waveform 
 
𝑉R = 𝑉0𝑒
−𝑡/𝑅𝐶            (3.4) 




𝑒−𝑡/𝑅𝐶      (3.5) 
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fin int/ 2( )C C Cu C V V    (3.7) 
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where,  VCint , VCfin  are voltages on the charge capacitor just before and just after 
SIDAC switching on for one working cycle, respectively; t1, t2, are times when just 
before and just after SIDAC switching on for one working cycle, these times are shifted 
to the origin when the capacitor starting to be charged up from 0 V and shown as 
follow: 
𝑉0 = 6.5 kV, RC=12.5 msec, t1= 2 msec, t2 = 10.5 msec 
𝑉C𝑓𝑖𝑛= 3.9 kV 
𝑉C 𝑖𝑛𝑡= 1 kV  
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  (3.6) and 
2 2
fin int/ 2( )C C Cu C V V    (3.7)  we have 𝑢𝑅 ≈ 14 mJ,  𝑢𝐶 ≈ 9 mJ.                   







≈ 39 %  (3.8) 
Energy dissipated by resistor load R2 and SIDAC, and loss stored in stray capacitor 
are estimated by integrating power curves pHVS and pLVS, pSIDAC from experimental 
result shown Figure 3-3 as uR2 ≈ 4.6 mJ, uSIDAC = 0.75 mJ ustray =20 J (negligible). 







≈ 86 %   (3.9)   
Total efficiency of the power supply with a resistance load is estimated as:   
𝜂𝑡 = 𝜂1 · 𝜂2 = 39 % · 86 % ≈ 33.5 %  (3.10) 
The main loss is caused by heat transfer in charging resistor (10 M) that is much 
higher than switching loss of SIDACs.  
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3.3 DBD GENERATION BY DESIGNED DC HIGH VOLTAGE PULSE 
SOURCE IN GAS PHASE 
3.3.1 DBD generation in gas phase 
The plasma has been generated in condition shown in Table 3-2. Experimental 
setup for DBD generation is shown in Figure 3-7a.  In this schematic view, the reactor 
is 300 mm × 100 mm × 1mm of the Pyrex plates placed in parallel at a gap of 2 mm. 
The electrodes are 20 mm × 30 mm copper tapes. In the equivalent circuit illustrated 
in Figure 3-7b, without DBD discharge, DBD reactor works as a capacitor whose 
equivalent capacitance is symboled by CDBD, the discharge that establishes a 
conducting channel between electrodes is symbolized by closing a switch letting 
discharge current flow through plasma channel whose resistance RDBD rapidly changes 
with the time. Figure 3-8 illustrates the results of experiment with DBD plasma 
generation, showing the typical waveforms of charged voltage on charge capacitor (vC), 
voltage applied to SIDAC (vSIDAC), voltage applied to DBD reactor (vDBD), currents 
measured at high voltage side (iD_HVS) and low voltage side (iD_LVS) of DBD reactor, 





Figure 3-7 . Experimental setup of DBD generation in gas phase using the DC power 
supply, diagram of circuit connection (a) and equivalent circuit (b) 
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Table 3-2 Experimental condition for DBD generation using the DC power supply 
Input voltage (Vin) 24 V 
Output voltage (Vout) 6 kV 
Working gas He 
Gas flow 500 sccm 
Photomultiplier voltage 800 V 
Pressure  Atmospheric pressure 
Sample time  500 psec 
The number of samples per second 2GSa/s 
 
Similarly to the case of experiment with a load of resistor, whereas the current 
(iD_HVS) includes the leakage current through stray capacitance (Cstray ) caused by high 
rate of voltage change and the current through DBD reactor. The current (iD_LVS) is 
only the current through DBD reactor. As shown in Figure 3-8 a-b, the DBD plasma, 
following the high voltage pulses appears at every switching time of SIDACs for both 
cases; case of positive pulse and case of negative pulse. The input side of SIDACs is 
the intermediate charge capacitor (1.25 nF), the output side of SIDACs is the DBD 
reactor. Therefore, the voltage on series connection of SIDACs ( 𝑣SIDAC) is simply 
determined by the difference between the voltage on charge capacitor (𝑣C) and on the 
DBD reactor (𝑣DBD ) by equation: 
  𝑣SIDAC = 𝑣C − 𝑣DBD  (3.11) 
When this voltage reaches the breakover voltage of the connection of SIDACs, these 
SIDACs are switched to be conductive with transiting time in several hundreds of nsec. 
The voltage on charge capacitor at input side of SIDACs is simultaneously changed a 
little because its capacitance (1.25 nF) is much higher than total equivalent capacitance 
of output side of SIDACs. The high voltage on the charge capacitor is then applied to 
DBD reactor. Consequently, high voltage pulses of up to 4 kV with high rise rate will 
be generated and imposed on DBD reactor.  The high voltage change offers a high 
electric field intensity (E) applied across discharge gap. This electric field intensity is 
higher than breakdown intensity. Consequently, discharge is occurred at every 
switching time of SIDACs. It can be seen from enlargement waveforms shown in 
figure 6 c that in every working cycle, during transition state of SIDACs, before 
breakdown occurring, the current is mainly the displacement currents caused by the 
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charging and discharging of the capacitive loads. This displacement current is 
approximately proportional to the voltage derivative (dvDBD/dt). When the transiting 
state of SIDACs is nearly completed, the displacement current is reduced to nearly 
zero, the breakdown ignition occurs and is detected by the appearance of a short surge 
of discharge current caused by motion of free charged particles in the discharge gap, 
then following by the emission of light from DBD plasma. When breakdown occurs, 
the current through DBD reactor is composed of displacement current superimposed 
with discharge current. Obviously, charge accumulation on the dielectric surface 
reduces the electric field in the gap spacing and then leads to the extinguishing of the 
discharge, as a sequence, discharge current will be gradually eliminated. This is 
resulted in discharge current termination within just several hundred nanoseconds after 
breakdown.  When the currents are reduced and terminated, then current through 
SIDAC connection is also reduced to less than its holding current, the SIDACs stop 
conducting. The input side and output side of SIDACs are electrically isolated and 
prepared for the next working cycle. Subsequently, the voltage on the charge capacitor 
at input side of SIDACs is gradually charged. The output side of SIDACs which is 
characterized as an RC circuit formed by the total equivalent capacitance of stray 
capacitance (Cstray) paralleled to DBD capacitance (CDBD) and the input resistance of 
the voltage divider. Therefore, the voltage on DBD reactor (vDBD) is gradually 
discharged and reduced exponentially (Figure 3-8 a-b). Similarly to the case of testing 
with a load of resistor, the total capacitance (Ctotal) of output side of SIDACs has been 
simply estimated at about 4.7 pF by equation:  
𝑖D_HVS = 𝐶total. 𝑑𝑣DBD/𝑑𝑡            (3.12) 
The operation frequency is nearly determined by the time constant of this RC circuit 
of 23.5 msec that is a product of the resistance of voltage divider of 500 MΩ multiplied 
the total equivalent capacitance of output side of SIDACs of 4.7 pF.  Hence, the period 
of one working cycle has been about 20 msec, and repetition rate of DBD generation 
has been about 50 Hz.  
In one cycle of DBD generation, a part of electric energy stored in the charge 
capacitor has been delivered to energy stored in stray capacitance and DBD reactor, 
and energy consumed by discharge. The electric energy stored in the charge capacitor 
released for this time has been estimated at about 0.6 mJ by equation:  
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         (a)                                       (b) 
 
(c) 
Figure 3-8  Results of experiment with load of DBD in gas phase, overall 
waveform in case of positive pulses (a), overall waveform in case of negative pulses 
(b), and enlargement waveforms around negative current peaks (c)  







2 )     (3.13) 
where C = 1.25 nF is capacitance of the charge capacitor, and Vint , Vfin  are the voltages 
on the charge capacitor just before and just after SIDAC switching on, respectively. 
The estimates of energy consumed by SIDACs, energy consumed by discharge, energy 
stored in DBD reactor, and energy loss stored in stray capacitance have been done by 
integrating the power curves pSIDAC, pD_LVS, pD_HVS shown in Figure 3-8c. The energy 
consumed by SIDACs has been about 0.06 mJ. The energy store in DBD reactor has 
been estimated at about 0.04 mJ by integrating the curve pD_LVS from the time of -0.4 
msec at which conductive state of SIDACs is initiated to the time of -0.05 msec at 
which discharge is initiated. Similarly, the energy stored in stray capacitance has been 
estimated at about 0.05 mJ by difference between the results of integrating curves 
pD_HVS and pD_LVS over the time from -0.4 msec to -0.05 msec.  The energy consumed 
by discharge has been estimated at about 0.12 mJ by integrating the curve pD_LVS from 
the time of -0.05 msec at which discharge is initiated to time of 0.3 msec at which the 
discharge is nearly completely terminated. The energy consumed by SIDACs has been 
about 50 % of the energy consumed by discharge. The average switching power loss 
of ten SIDACs has been just about 3 mW with the operation frequency of about 50 Hz, 
as a result, the consideration of effect of this loss can be negligible. The lost energy in 
this case mainly consumed by the voltage divider. 
3.3.2   DC power supply efficiency in case of DBD generation in gas phase  
Figure 3-9 shows the equivalent circuit with a gas phase DBD load and  
Figure 3-11 shows enlargement waveform of voltage on capacitor (1.25 nF). In 
this case, the loss consumed by a high voltage divider is considered because the HV 
divider is one circuit element as a discharge resistor for operating of DBD reactor. 
From experimental result, the capacitor voltage change in the range of [6.34 ÷ 6.42 
kV], the charging times for this voltages have been calculated as values [𝑡1=46.3 ÷ 𝑡2= 
55 msec, respecting to the origin when the capacitor starting to be charged up from 0 
V, respectively. And the energies consumed by the charge resistor (𝑢𝑅1) and stored in 
















    mJ    (3.14) 
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u V V     mJ  (3.15) 
with 𝑉0= 6.5 kV, C =1.25 nF, RC=12.5 msec 









 %   (3.16) 
Energies consumed by discharge and SIDAC, and loss stored in stray capacitor and 
DBD reactor then dissipated through high voltage divider are estimated by integrating 
power curves pHVS and pLVS, pSIDAC from experimental result (Figure 3-8).  
 
 
Figure 3-9 Equivalent circuit with a gas phase DBD load used for calculating the 
efficiency of the whole system 
 
 
Figure 3-10 Enlargement waveform of voltage on charge capacitor (1.25 nF) of DBD 
generation using the DC power supply in bubbles in water 
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We have: uC_DBD ≈ 0.04 mJ, uSIDAC = 0.06 mJ, ustray = 0.05 mJ, udis= 0.12 mJ 






0.06 0.04 0.05 0.12SIDAC stray C DBD
u
u u u u
   
     
 %  (3.17) 
Total efficiency: 
𝜂𝑡 = 𝜂1 · 𝜂2 = 44.4 % · 66.7 % ≈ 29.6 %  (3.18) 
It can be seen that with a load of DBD reactor in ambient air, the main losses are 
switching loss of SIDACs, the stray capacitance loss, and also the energy loss that is 
necessary for DBD operating by a DC power supply and stored in DBD reactor and 
discharge through the high voltage divider. 
3.4 DBD GENERATION BY DESIGNED DC HIGH VOLTAGE PULSE 
SOURCE IN BUBBLES IN WATER 
3.4.1 DBD generation in bubbles in water 
The experimental setup for the DBD generation in bubble in water using the DC 




Figure 3-11  Experimental setup of DBD generation in water using the DC power 
supply 
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a)                                     b) 
Figure 3-12 Experimental results of DBD generation in water using the DC 
power supply overall waveform (a) and typical enlargement waveform (b) 
 
replaced by the designed DC power supply. Experiments have been carried out under 
condition shown in Table 3-2. Similarly, the DBD plasma has been generated 
corresponding to every switching time of SIDACs and detected by short surge of 
discharge current and light emitted from plasma (Figure 3-12). As having mentioned 
before, the difference between DBD in gas phase and in water using the DC power 
supply also mainly caused by the high permittivity and conductivity of water (tap water 
with conductivity σ ~ 3 mS/cm). The high permittivity of water has caused a sequential 
results as the high equivalent capacitance of DBD reactor, as a result, the lower 
discharger frequency nearly (33 Hz), higher displacement current, and higher power 
consumption, part of this power is lost by discharging through a parallel resistor during 
off state of SIDAC.  
3.4.2 DC power supply efficiency in case of DBD generation in bubbles in water  
Equivalent circuit is similar to case of load of DBD reactor in ambient gas 
(Figure 3-9) and Figure 3-13 shows enlargement waveform of the voltage on capacitor. 
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Figure 3-13 shows the enlargement waveform of voltage on charge capacitor that 
changes in the range of [6.42 ÷ 6.66 kV], the charging times for this voltages have 
been calculated as values [𝑡1=40 ÷𝑡2=64 msec, respecting to the origin when the 
capacitor starting to be charged up from 0 V, respectively. And the energies consumed 
by the charge resistor (𝑢𝑅1) and stored in the capacitor (𝑢𝐶) have been estimated as:   
 
 
Figure 3-13 Enlargement waveform of voltage on charge capacitor (1.25 nF) of DBD 

















 = 1 mJ   (3.19) 




u V V    mJ    (3.20) 
with 𝑉0= 6.7 kV, C =1.25 nF, RC=12.5 msec 




 ≈ 65.5%   (3.21) 
Energies consumed by discharge and SIDACs, and loss stored in stray capacitor and 
DBD reactor then dissipated through high voltage divider are estimated by integrating 
power curves pHVS and pLVS, pSIDAC from experimental result (Figure 3-12). We have: 
uC_DBD ≈ 0.22 mJ 
uSIDAC = 0.19 mJ, ustray = 0.223 mJ, udis= 0.32 mJ 
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We have total efficiency: 
𝜂𝑡 = 𝜂1 · 𝜂2 = 65.5 % · 33.5 % ≈ 22 %     (3.23) 
The efficiency of the system with a load of DBD reactor under water is about 8% lower 
than the efficiency of system with a load of DBD in ambient air. It is supposed that 
this difference is due to the high permittivity of water. 
3.5 SUMMARY 
The design, construction, and optimization of the configuration of a novel high 
voltage pulse power source for an efficient, large-scale DBD generation has been 
developed.  The pulses were generated by using the high speed switching characteristic 
of a very inexpensive device called Silicon Diodes for Alternating Current (SIDAC) 
and the self-terminated characteristic of DBD without external controlling. The simple, 
compact configuration and the flexibility connection to different types of primary 
power supply such as a photovoltaic panel or a battery could provide a promising 
solution for a low cost of installation and operation, and for outdoor application of 
DBD especially in the area without power grid connection. The simple modular 
structure, non-control requirement, the transformer elimination, minimum number of 
levels in voltage conversion required to achieve the desired operating condition in the 
design lead to a reduction in size, weight, simple maintenance and high scalability of 
the DBD generator.  
The performance of this pulse source has been validated by a load of resistor. 
The good agreement between theoretically estimated and experimentally measured 
responses has been achieved. The effect of stray capacitance and high rise rate of 
voltage pulse has been minimized by the absolute compaction in our design. The 
developed pulse source has also succeeded in generating DBD plasma. During every 
transition state of SIDACs, the pulse has been generated and the high voltage imposed 
on the discharge gap has led to a discharge, the discharge then has been terminated by 
its own characteristic as a dielectric discharge. Consequently, the train of pulses and 
discharges have been alternatively generated with high stability.   
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The efficiency of the system with different kind of loads have been estimated. It 
is about 30 % for case of DBD load in ambient air, and the loss is mainly due to the 
SIDAC switching loss, stray capacitance loss, energy loss due to DC operating regime. 
In case of DBD generation in water, high permittivity of water cause more 8 % loss 
and make the efficiency is just about 22 %. Since the power supply have been designed 
with aim for working with renewable input energy (energy from solar). These 
efficiencies are acceptable. 
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Chapter 4:  Conclusions and future work 
In this study, DBD plasmas in water were investigated as a sequence of a bubble 
formation and an electronic process within the bubbles.  Experiments have been 
conducted with a cylindrical electrode inside a glass tube with a number of microsize 
holes and an inexpensive circuit using a number of bilateral trigger devices called 
Silicon Diode for Alternating Current (SIDACs) connected to a high voltage 
transformer at commercial frequency. Specification of SIDAC as a fast switching 
circuit element has been used with the aim to generate HV pulses and applied 
efficiently to DBD plasma generation. Experimentally, this DBD plasma has been 
generated efficiently in both cases in gas phase and in water. In these both cases, 
SIDAC ON switching ignites DBD and self-termination DBD turns SIDAC OFF. 
These two characteristics switched alternatively make the whole system work 
continuously.  
The chemical process initiated by the discharge in water solution has been 
studied and estimated by the generation of reactive species and the decomposition of 
dye (MB) dissolved in water. The most important species with high oxidation potential 
as hydroxyl radical (OH) Oxygen atom (O), hydrogen peroxide (H2O2), Ozone, along 
with UV light have been detected by optical emission spectroscopy. The discharge has 
worked effectively on decomposing MB (model pollutant) in the tap water that is 
significantly enhance by introducing a small amount of Oxygen to main working gas.  
In order to extend the application of the plasma in a standalone renewable power 
system or in area without power grid connection, the novel DC power supply has been 
developed for DBD generation. The power supply has been designed with simple 
modular structure, has flexibly of connecting to a commercial DC power supply or 
independent solar power system, and have applied successful for generating 
effectively DBD.  
Since DBD in water initiate various physical and chemical processes and is 
strongly effected by various parameter especially high permittivity and conductivity 
of water. Additionally, the complexity is increased significantly in case water work as 
one of electrode. The detailed mechanism of the discharge is still ongoing investigating 
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and not fully understood comparing to the discharge in gas phase. The research has 
been mainly carried out with noble gases (Helium and Argon gas). However the 
influence of different working gases on the effectiveness of induced active species may 
be different. Therefore, more research should also be done especially with using of 
molecular working gas such as Nitrogen, Oxygen, or Air.  
The temporal revolution of plasma in bubble in water has been studied 
fundamentally. However, most of these studies have been done in metal-pin water 
electrode systems. A pin electrode has been often a needle or capillary used for 
injecting gas bubbles into water and supplied by pulse power supply, and discharge 
has been classified as a transient plasma and appeared in form of streamer propagating 
along the bubble wall [24] [31]. These observation may be different in the DBD 
generation using SIDACs. Based on the electrical characteristic, the DBD have been 
generated in filament regime under highly electrical conductive water, and pulsing by 
switching characteristic of SIDACs. The synchronization of bubble forming time and 
SIDACs switching time, residence time of gas in single bubble comparing to the 
number of voltage pulse applied along with memory effect of DBD plasmas will affect 
the evolution of the DBD. Then next important part of future works should be also 
focused on temporal revolution of the DBD plasma in bubbles in water as well as its 
chemical processes inducing. 
 56 Chapter 5: Supplements 
Chapter 5: Supplements 
On the way of building up the DC power supply. Because the parasitic elements 
including, stray capacitances caused by surrounding capacitances (e.g. cables, edge 
effects), and the high rising rate of voltage pulse have significantly influenced the 
operation of system. The supplement will show some technical solutions for problems 
occurred.  
 
5.1 STRONG EFFECT OF STRAY CAPACITANCE CAUSED BY SHORT 
DISTANCE BETWEEN WIRE AND GROUND 
At the beginning, a testing circuit (Figure 5-1) was built on a vibration isolation 
table that made from steel.  The circuit in both polarity (positive and negative) was 
built in symmetrical geometry and made compact. On a glass plate of DBD reactor 
there was two electrodes (positive and negative electrode) that are placed separately at 
distance of 20 mm and supplied by 2 independent (positive and negative) DC power 
supply. Another electrode on the opposite plate is the ground electrode. Both outputs 
of the high voltage DC power supplies were set at the same value (5 kV) and both sides 
of DBD worked simultaneously. The charge capacitor in both side of DBD reactor 
were set at different capacitance value make both sides of the circuit have different 
time constant (RC) and SIDACs in both side will switch at different times. Working 
gas were not injected. DBD reactor worked in ambient air.  The experimental result is 
shown in Figure 5-2. The DBD plasma did not occur. When SIDACs at the both sides 
of circuit are activated the voltage peaks appeared alternately. Both sides of the reactor 
work independently. Some current peaks are much smaller than the others. The small 
sawtooth waveform superposition in voltage waveform shows appearance of parasitic 
oscillating (RC) circuit. The parasitic oscillating circuit is supposed due to short 
distance between wires and the steel stable. 
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a)  Testing circuit shows strong effect of stray capacitance  
 
 
b) Photograph of testing circuit on vibration isolation table 
Figure 5-1 Setup of testing experiment on vibration isolation table 
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Figure 5-2 Testing result shows strong effect of stray capacitance  
 
5.2 IMPROVEMENT IN ISOLATION OF CIRCUITS FROM GROUND  
Entire circuit was firstly placed on a resin sheet to have better insulation (Figure 
5-3). The same circuit arrangement has been tested. However, the circuit connection 
was made to be more compact (shortest wire connection). The measurement circuit 
has been hung up to be separated from working circuit. Because previous result (Figure 
5-2) has revealed that both sides of the DBD reactor worked independently. Therefore, 
it is not necessary to set the charge capacitance at different values. This time they was 
set at same 1.25 nF. The experimental setup, experimental condition are shown in 
Figure 5-3 and Table 5-1. The waveforms were captured by Agilent oscilloscopes of 
DSO 6054A synchronized with MSO6014A with delay time of 20 nsec. The slave 
oscilloscope DSO 6054 was used to acquire the voltage waveforms. The master 
oscilloscope MSO 6014 was used to acquire the current waveforms and emission 
signals. The observation position of emission was set aligned with negative electrode. 
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Table 5-1 Experimental condition (testing experiment) 
Applied DC Voltage +6 /-6 kV 
Working gas He gas 500 Sccm 








b) Photograph of circuit 
Figure 5-3 Setup of testing experiment on a resin sheet 
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Figure 5-4 Overall waveform obtained from testing experiment on the resin sheet 
Then the measured emission intensity was nearly just emission intensity at 
negative side. The experimental results are shown in Figure 5-4 to 6. As seen from 
these figures, when SIDACs switch on, the voltages applied to DBD reactor change 
rapidly, the displacement currents that are proportional to the rate of voltage change 
(dvDBD/dt) and the total capacitance including stray capacitance and equivalent 
capacitance of the reactor are induced. The displacement currents obtained from both 
sides of the reactor are around 0.8 A that are much higher than discharge currents 
(around 0.3 A). The very high displacement currents are due to the high value of stray 
capacitance. Discharge occurred and was detected by light emission measured by a 
photomultiplier tube (PMT). However, as shown in Figure 5-5 to 6, the discharges are 
sometime lagging behind displacement current peaks, the reason of this lagging will 
be explained later. The emission intensity was strongest at around switching time of 
SIDACs, but many smaller emission signals were randomly observed during operation 
of the circuit  
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a) Enlargement waveform around a  b) Enlargement waveform around a 
switching time            negative current peak 
Figure 5-5 Enlargement waveforms from negative side of testing experiment on resin sheet 
 
 
a) Enlargement waveform around a  b) Enlargement waveform around a 
switching time            negative current peak 
Figure 5-6 Enlargement waveforms from positive side of testing experiment on resin sheet 
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a) Photograph of circuit arrangement                    b) Spacers 
 
 
                                      
c) Circuit inside a darkroom 
Figure 5-7 Spacer used for separating circuit element from ground  
 
We can see that, using resin sheet has improved the experimental result. 
However the effect of stray capacitance to the operation of system was still significant. 
Therefore, spacers have been used to separate all circuit element from steel vibration 
isolation table (Figure 5-7). All wires used for connecting HV probes were hung up. 
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Obviously, the larger distance from wires and circuit element to the table is the smaller 
stray capacitance we got. Finally, the obtained results illustrated correct operation of 
system as shown in Figure 3-3. The leakage current has been reduced to less than 50 
mA in case of testing experiment with resistance load of 40 k and stray capacitance 
has been estimated as about 2.5 pF. In the next following experiments of DBD 
generation in gas phase and in water (part 3.3 and 3.4) the light emitted from plasma 
only detected once per every switching time of SIDACs. The smaller light signals as 
previously detected by PMT was not observed in these experiments. 
 
5.3 DISCHARGE LAGGING BEHIND SIDAC SWITCHING TIME DUE TO 
LOW DISCHARGE FREQUENCY IN GLASS DBD REACTOR 
Under experimental setup and condition shown in Figure 3-7 and Table 3-2, it is 
found that following every switching time of SIDACs, the discharge occurred at 
frequency of around 50 Hz (Figure 5-8a). However it is sometime lagging behind the 
switching time of SIDACs (Figure 5-8b). In order to investigate the reason for this 
phenomenon, experiments with a conventional AC power supply were conducted at 
low 60 Hz frequency and 50 V magnitude of primary input voltage with aim of 
obtaining a comparable 120 Hz discharge frequency. The circuit arrangement was 
same as one used for DBD generation with the designed DC power supply (Figure 5-9) 
and condition is shown in Table 5-2.  The  results shown in Figure 5-10. Similarly, 
following every switching time of SIDACs, discharge occur. However, in this low 
operation frequency, and in glass reactor, there is a random lag between discharge and 
switching time of SIDACs. The discharge current is much higher than displacement 
current. The displacement currents caused by SIDACs’ switching characteristic is 
nearly proportional to the voltage derivative dvDBD/dt and less than 0.2 A. The 
discharge current peak in case of appearance of the lag is very high (up to 3A). It can 
be seen that, the discharge currents in case of using AC power supply are much higher 
than those in case of using DC power supply (Figure 5-10c and Figure 5-8b), and 
resulted in the higher emission intensity and the higher instantaneous powers 
consumed by discharges in case of using AC power supply.  
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Table 5-2 Condition of experiment with 60 Hz  AC power supply 
Primary Voltage 50 V/60Hz 
Transformer ratio 110/6600 
Working gas He 
Gas flow 500 sccm 
Photomultiplier voltage 800 V 
Pressure  Atmospheric pressure 
 
   
a) Overall waveform    b) Enlargement waveform of a discharge 
Figure 5-8 Experimental result of DBD generation in gas phase using the DC power 
supply in glass reactor 
 
Figure 5-9 Setups of experiment with conventional AC power supply 
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a) One cycle waveform  b) Enlargement waveform 
around a negative displacement current  
 
   
c) Enlargement waveform around  d) Enlargement waveform around a  
a discharge (with a lag)                      negative discharge (without lag) 
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e) Enlargement waveform around a positive discharge (without lag) 
Figure 5-10 Results of experiment with AC power supply at low frequency in 
glass reactor 
Furthermore, as result shown in part 2.1, when power supply was set at high frequency 
of 500 Hz with the same glass reactor the lag did not occur. Therefore, low discharge 
frequency is one reason for this phenomena. Because the dielectric characteristic also 
affect the discharge, then DBD reactor was changed from glass plates to ceramic places, 
and experiments were carried out under same condition. We got the results shown in 
Figure 5-11. Using ceramic plates as dielectric layer, with same frequency, the delay 
time was not observed. The peak of discharge current in case of using glass plate is 
much higher than those in case of using ceramic plate. However, the ceramic plates 
offer more uniform DBD plasma and longer emission duration. The higher current 
peak is supposed due to the first strong electron emission, then the electric field is 
quickly reduced, lead to the quicker discharge termination and shorter discharge 
duration in case of DBD with glass plates. The properties of Pyrex glass plate and 
ceramic plate are summarized and shown in Table 5-3. The equivalent capacitance of 
DBD reactor is theoretically calculated by equation (5.1) with the DBD reactor 
configuration shown in Figure 5-12 





a) One cycle waveform 
 
   
 
b) positive discharge       c) negative discharge 
        
Figure 5-11 Results of experiment with reactor made from Ceramic plates and 
Primary voltage of 50V, 60 Hz  
 
 




     (5.1) 
 where,  A= 20.30.10-6 is electrode area (m2), K is dielectric constant, d is thickness of 
dielectrics layer [m], l =2 mm is gap distance [m],  F/m is permittivity 
of free-space. 
 
Figure 5-12 DBD reactor configuration  
 
Table 5-3 Properties of Pyrex glass plate and Ceramic plate 
 
 Pyrex plate Ceramic plate 
Thickness  1 mm 2.5 mm 
Gap distance 2 mm 2 mm 
Dielectric constant (at 1MHz) 4.7  10 
Dielectric Strength 30 kV/mm 9 kV/mm 
Volume Resistivity 1015 Ohm.cm > 10
14 Ohm.cm 
 
The equivalent capacitance of DBD reactor with glass plates has been estimated at 2.2 
pF, and similarly, the equivalent capacitance of DBD reactor with ceramic plates has 
been estimated at about 2.12 pF. It can be seen that, the equivalent capacitance of two 
kinds of DBD reactor is nearly same, then the displacement current is nearly same for 
both cases. The weaker dielectric strength in case of ceramic plate is compensated by 
its thickness, then in two kinds of dielectric plates, the dielectric strength of the plates 
is nearly same. The higher current peak  in case of DBD with glass plate compared to 
those of DBD with ceramic plate is because of the first strong electron emission, then 
the electric field is quickly reduced, lead to the quick discharge termination. The lower 
current peak in case of DBD with ceramic plate, lead to the less reduction in electric 
field in discharge gap, then the higher secondary electron emission and longer 
discharge duration. The similar result has also been obtained in experiments of DBD 
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generation in gas phase under the same condition with ceramic reactor and the DC 
power supply (Figure 5-14). Shortly, delay time in discharge occurring compared to 
the switching time of SIDACs is mainly due to low discharge frequency and property 
of dielectric layers. This is related to utilization of the residual discharge agent and 
energy of preceding discharge for the following discharge.  
 
 
a) Experimental setup 
 
    
 (a) Overall waveform        (b) Enlargement waveforms  
Figure 5-13   Experimental results obtained by using reactor of ceramic plates 
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5.4 INCREASE DISCHARGE FREQUENCY IN CASE OF USING DC 
POWER SUPPLY BY CONNECTING TO DBD REACTOR AN 
ADDITIONAL PARALLEL RESISTOR  
The plasma has been generated under condition shown Table 5-4. Experimental 
setup for DBD generation is shown in Figure 5-14a.  In the setup, an additional resistor 
has been connected to be parallel to DBD reactor. In the equivalent circuit illustrated 
in Figure 5-14b. An additional 20 M resistor was connected parallel to the DBD 
reactor.  The resistance of a parallel resistor should be large enough for pulsing 
function of SIDAC. Otherwise, SIDACs will be continuously conductive with main 
working load of resistor. Conventionally, the charges accumulated on dielectric layer 
from preceding discharge will prevent the following discharge happening at the same 
position.  In our work, the resistor has been added since it lets the accumulated charges 
is released, help redistributing the electric field in discharge gap and create the high 
voltage applied to SIDACs. The DBD plasma with similar characteristics has been 
successfully generated for both cases of positive pulse generation and negative pulse 
generation. Figure 5-15 illustrates the results of experiment with DBD plasma 
generation by positive pulses, showing the typical waveforms of charged voltage on 
charge capacitor (vC), voltage applied to SIDAC (vSIDAC), the output voltage of the 
third module of circuit of pulse manipulation that is applied to DBD reactor (vDBD), 
currents measured at high voltage side (iD_HVS) and low voltage side (iD_LVS) of DBD 
reactor, current through additional resistor (iR) and emission intensity.  
Similar to the case of experiment with a load of resistor (part 3.2), whereas the 
current (iD_HVS) includes leakage current through stray capacitance Cstray caused by 
high rate of voltage change and the current through DBD reactor. The current (iD_LVS) 
is only current through DBD reactor. As shown in Figure 5-15, the DBD plasma, 
following the high voltage pulses appeared at every switching times of SIDACs. The 
input side of SIDACs is the charge capacitor 1.25 nF, the output side of SIDACs is the 
DBD reactor paralleled to an additional 20 MΩ resistor. Therefore, the voltage on 
series connection of SIDACs ( 𝑣𝑆𝐼𝐷𝐴𝐶) is simply determined by the difference between 
the voltage on charge capacitor (𝑣𝐶) and on the DBD reactor(𝑣𝐷𝐵𝐷 ) . When this 
voltage reach the breakover voltage of the connection of SIDACs, these SIDACs is 
switched to be conductive, and entered to a region of negative dynamic resistance 
called the OFF-ON transition region (V ≥ VBO, IBO ≤ I≤  IH) with transiting time is in  
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Table 5-4 Condition of experiment of DBD generation using DC power supply and 
glass reactor connected parallel to an additional resistor 
Input voltage (Vin) 24 V 
Output voltage (Vout) 6 kV 
Working gas He 
Gas flow 500 Sccm 
Photomultiplier voltage 800 V 
Pressure  Atmospheric pressure 
Sample time  500psec 




a) Diagram of circuit connection 
 
 
b) Equivalent circuit 
Figure 5-14  Experiment setup with load of DBD reactor 
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 a) Overall waveform           b) Enlargement waveform  
Figure 5-15 Results of experiment with load of DBD reactor paralleled to additional 
resistor 
order of nsec. Consequently, discharges is occurred at every switching times of 
SIDACs.  Charge deposition on the dielectric surface reduces the electric field in the 
gap spacing and then leads to the extinguishing of the discharge, as a sequence, 
discharge current will be gradually eliminated. When current are reduced and 
terminated, then current through SIDACs is also reduced to less than its holding 
current, the SIDACs stop conducting. The input side and output side of SIDACs are 
electrically isolated. The output side of SIDACs as DBD reactor connected to 
additional resistor will work as a closed RC circuit, charges stored in DBD reactor is 
released through the additional resistor. While the voltage on charge capacitor at the 
input side of SIDACs is kept nearly unchanged, the voltage on DBD is gradually 
reduced, resulted in the increasing in difference of voltages between both sides of 
SIDACs when this difference reach the breakover voltage of SIDACs, a new working 
cycle starts. The working cycle time is depending on time constant 𝜏 = 𝑅𝐶 of an RC 
circuit. The smaller resistance of additional resistor, the shorter working cycle, the 
higher discharge frequency. Connecting DBD reactor parallel to 20 MΩ resistor, the 
working cycle time of DBD is about 1.25 msec, corresponding to frequency of about 
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800 Hz that is much higher than case of without additional resistor connected. In this 
case, the input resistance of high voltage divider is also parallel to additional resistor 
and DBD reactor, however its resistance of 500 MΩ is much higher than resistance of 
paralleled resistor of 20 MΩ resistor, then its effect is reasonable to be negligible in 
this case. Furthermore, in this case, the discharge occurred right after the SIDACs start 
to be conductive (Figure 5-15b). It is supposed that in case of high discharge frequency, 
there is an existence of electron seeds or Helium metastables created from proceeding 
discharge when the high voltage pulse is generating and imposing on discharge gap, 
the breakdown will occur right after the voltage pulse reaching the maximum value. 
However in case of low discharge frequency the electron seeds or Helium metastables 
are not available at the time of switching, then firstly the Helium is excited at upstream 
area of He gas flow compared to the position of electrodes, then the He metastable will 
move to the downstream area, finally is ionized at this area by penning ionization or 
inelastic collision and caused a lag. In case DBD is generated with high frequency the 
memory effect is nearly same for every discharge leading to the short ignition time and 
uniform discharge current, however with low frequency the memory effect may be 
different from individual discharge, leading to a random lag and uninform discharge 
current.  
5.5 REPLACING THE GROUND ELECTRODE OF DBD GENERATION 
IN BUBBLES IN WATER FROM WIRE INSULATED BY PTFE TO 
CYLINDRICAL TYPE INSULATED BY GLASS 
The simple Teflon insulated wire used as a ground electrode has been worked 
well in the short term experiment. However, for a long-term experiment, the insulator 
surface can be damaged in time. Then, the ground electrode has been changed to the 
new configuration that is currently used for HV electrode (Figure 5-16). These 
electrodes are covered by the quartz tubes filled with ultra-pure water.  
Figure 5-17 shows the experimental setup, and Table 5-5 shows the experimental 
condition with the new ground electrode. The experimental result obtained by using 
this new ground electrode is shown in Figure 5-18. The comparison between this result 
with the one obtained by using the old ground electrode (Figure 3-12) shows similar 
electrical characteristics of the DBD obtained. And, in both cases, there is also the 
random delay between the switching time of SIDACs and the discharge time due to 
low discharge frequency (about 33 Hz) in glass reactor.  
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Table 5-5  Condition of experiment of DBD generation in bubbles in water using the 
DC power supply and cylindrical glass electrode 
DC voltage   6.5 kV 
Working gas He 
Gas flow 500 sccm 
Photomultiplier voltage 800 V 
Pressure  Atmospheric 
pressure The number of samples per 
second 
1GSa/s 
Water volume 5 L 
 
                                                 
a) Old ground electrode 
 
b) New electrode 
Figure 5-16 Electrode configuration 
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a) Top view 
 
 
b) Front side view 
Figure 5-17 Experimental setup of DBD generation in water 
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(a) Overall waveforms         (b) Enlargement waveforms  
 
Figure 5-18 Experimental results with the new ground electrode, 500 sccm He gas flow 
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